SUMMARY Rats equipped with biliary, duodenal, and vena cava cannulae and supplemented with Na taurocholate received 4 hour infusions of gastrointestinal hormones. Boots secretin increased bile flow by 63% and bile acid, cholesterol, and phospholipid output by 75, 96, and 73% respectively. This stimulatory effect on bile flow and bile acid secretion was observed also in the four hour postinfusion period. Kabi secretin had practically no effect on bile secretion. Boots pancreozymin stimulated bile flow by 45% and to some extent also stimulated bile acid output. OP-CCK and glucagon stimulated mainly bile flow rate.
Bile formation is a complex process comprised of the secretory activity of hepatocytes and bile ducts. Regulatory mechanisms of bile secretion are not fully understood and it is believed that they are mainly of neurohumoral nature.1 One of the strongest stimuli of bile secretion are bile salts which are' secreted into the canaliculi by the carrier mediated active process, and a linear relationship exists between bile salt secretory rate and bile flow.2 3 In addition to bile salt dependent secretion there is also bile salt independent canalicular secretion which is believed to be related to the sodium pump. More distally, mechanisms of bile secretion are controlled by gastrointestinal hormones of which secretin is the most active. Glucagon which is structurally related to secretin is five times less active.4 Cholecystokinin (CCK) also stimulates bile secretion but its choleretic potency is less than that of secretin, but greater than that of gastrin.5 Gastrointestinal hormones acting at the ductular level are thought to affect mainly biliary secretion of electrolytes.6 Some,reports indicate, however, that these hormones can also stimulate canalicular secretion as suggested by increase in the biliary clearance of erythritol.8 9 10 Gardiner and Small11 studying the effects of secretin and CCK on bile secretion in Rhesus monkeys observed dose related increases in the secretion of bile salts and cholesterol but not of phospholipids. Administration of these hormones did not increase bile acid pool size but decreased their enterohepatic circulation time. The fact that in the latter study not only bile salt but also cholesterol secretion was altered, might indicate that indeed some hormones can affect hepatocyte function.
In view of existing controversies it was decided to study the effect of prolonged stimulation with secretin, CCK and glucagon, on bile secretion in rats under conditions of interrupted enterohepatic circulation of bile salts, and artificially controlled bile acid pool. In such a model, changes in biliary lipid output would indicate a direct effect of the hormones on canalicular bile secretion and thus on hepatocyte function.
Methods
Forty male Wistar rats weighing 200-350 g were used in the study. After a 24 hour fast they were operated under ether anaesthesia. The common bile duct was cannulated with polyethylene tubing (PE 50), a duodenal cannula was introduced through the fundus of the stomach to preserve integrity of the duodenum, and an intravenous cannula was inserted into the inferior vena cava. After surgery, the rats were housed in modified Bollman cages.
Immediately postsurgery, and continuing throughout the entire experiment, animals were infused intraduodenally with 10 mmol sodium tauro-cholate (Calbiochem, San Diego, CA) in 67 mmol phosphate buffer pH 6-5 at the rate of 053 ml/h, and intravenously with 0.15 M NaCl at the rate of 0.5 ml/h. Water was available ad libitum. Eighteen to 20 hours were allowed for recovery after the surgery. During the following 12 hours, bile was collected in three 4 hour intervals, 18-22, 22-26, and 26-30 hours of the experiment.
Gastrointestinal hormones made up in 0*15 M sodium chloride were infused intravenously between 22-26 hours of the experiment. The following hormone preparations were used: secretin (Boots) 1.33 U*/kg/min, secretin-Kabi 0O017 CUt/kg/min, pancreozymin (Boots) 1 U*/kg/min, pancreozymin octapeptide (OP-CCK-Squibb Inst.) 0O036 ,ug/kg/ min, glucagon (Novo) 9 ug/kg/min. (Table 3 ). In the postinfusion period, cholesterol output decreased, but remained raised as compared with the control period. None of the Table 3 other hormones stimulated cholesterol secretion. Secretion of biliary phospholipids increased by 73% during Boots secretin infusion, but was only minimally affected by other hormones (Table 4) .
Discussion
The results of this study confirm the findings of other authors that major gastrointestinal hormones participate in the regulation of bile secretion.1 11 16 With the sole exception of Kabi secretin, all hormones increased bile flow rates. Boots secretin and pancreozymin preparations gave quantitatively the strongest stimulation while OP-CCK and glucagon were weaker stimulants.
Of the preparations studied, only Boots secretin and pancreozymin stimulated bile acid output, and secretin in addition stimulated cholesterol output. By contrast, the more highly purified Kabi secretin and OP-CCK, had little or no effect on bile flow and bile lipid content. The lack of activity of GIH secretin in the rat has been also observed by Petersen and Grossman. 15 Rutishauser16 who studied both secretin preparations also found GIH secretin much less potent, and concluded that the stimulating properties of Boots secretin are most probably due to contaminants of this preparation. Parallel increases of bile acid and cholesterol outputs indicate that Boots secretin has a direct hepatocytic stimulatory effect. Similar stimulation of bile acid secretion by Boots secretin had also been observed in the perfused pig liver17 and calf liver18
preparations. Unlike in Gardiner and Small's study,"1 stimulatory effects of this secretin preparation cannot be attributed to more rapid enterohepatic circulation of bile acids as the animals studied had complete diversion of bile, and their bile acid pool had been maintained by enterol infusion of exogenous bile salts.
Comparison of the results of various studies is difficult because of differences in species and specificities of experimental models and hormone preparations. This study indicates that although the gastrointestinal hormones studied had choleretic activity in the rat, the purer or synthetic hormones did not affect biliary lipid output, thus, it is unlikely that they stimulate canalicular phases of bile secretion. Stimulation of sterol output by Boots secretin and pancreozymin is most probably not related to these hormones but to some unidentified contaminants of these preparations. We examined the bile acid content of the particular batch of Boots secretin used, and found it negligible. The strongest choleretic effect of both Boots hormone preparations can be attributed partly to their stimulatory effect on bile acid secretion. 
